LINEAR MOTOR DRIVE APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a linear motor drive apparatus, and more 

particularly, to a linear motor drive apparatus suitable for application between a fixed 
element and a movable element of a precision machine tool. 

2. Related Art 

Research has been done with regard to a linear motor drive apparatus, to 
1 0 replace a drive apparatus formed by a combination of a ball screw and a nut, for the 
purpose of straight-linearly feeding a movable element, such as a work table or spindle 
stand, relative to a fixed element, such as a machine frame, of a precision machine tool. 
This linear motor has a row of magnets arranged on the fixed element, and a row of 
magnets arranged on the movable element. 
1 5 Because the movable element of such a linear motor drive apparatus is guided 

by a guide mechanism provided in the fixed element, it is allowed to move along a 
reference plane for design of the guide mechanism, for example, a center plane thereof 
that divides the guide mechanism into two equal parts, left and right. 

For this reason, a linear motor drive apparatus can be envisioned in which the 
20 magnets are arranged in parallel at both sides of the above-noted reference plane. 
One target of research is determining how to arrange the magnets. 
Another target of research is determining how to reduce a tendency toward 
cogging of the movable element of the linear motor drive apparatus (a jerking 
movement thereof, occurring when moving in a straight line) and yawing of the 
25 movable element (a rocking thereof from left to right). 

Another target of research is developing a guide mechanism that achieves 
stable movement of the movable element. 
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There is a method of shifting the arrangement positions of the magnets by 
one-half pitch to the left and the right, so as to reduce the cogging of the movable 
element. Reducing the cogging using this method, however, results in an increase in 
yawing. 

5 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide a linear motor 
drive apparatus, which reduces the cogging without an increase in the yawing. 

In order to achieve the above-noted object, ihe inventors of the present 

1 0 invention discovered that, with planar symmetry between parallel rows of magnets and 
the reference plane, by providing a steel sheet parallel to the reference plane at an 
intersection between the movable element and the reference plane, if the shape of the 
steel plate is made narrow at the end, and in particular if it is made triangular, cogging 
of the movable element is reduced, that if the steel plate is provided symmetrically 

1 5 with respect to both sides of the movable element in the direction of movement of the 
movable element, there is a further prominent reduction in cogging, and that these 
effects are achieved regardless of whether the row of magnets mounted to the fixed 
element is a row of electromagnets or a row of permanent magnets. 

Given the above, a first aspect of the present invention is a linear motor drive 

20 apparatus having a fixed element, which has a guide mechanism, a movable element, 
which is guided by the guide mechanism and which can move along a prescribed 
reference plane, a row of first magnets, which is mounted to the fixed element, and 
which is disposed in parallel to both sides of the reference plane, and a row of second 
magnets, which is mounted to the movable element, and which is disposed in parallel 

25 to both sides of the reference plane, wherein there is planar symmetry of the first 

parallel row of magnets with respect to the reference plane, and wherein a steel plate is 
provided in parallel with the reference plane, the steel plate having a narrowed end part. 
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According to this aspect of the present invention, by providing a steel plate in 
parallel to the reference plane at the intersection with the reference plane of the 
movable element, and narrowing an end part of the steel plate, cogging of the movable 
element is reduced, as can be understood from the discoveries of the inventors. 

5 Furthermore, because the row of first magnets is made to have planar symmetry with 
respect to the reference plane, yawing is also reduced. 

A second aspect of the present invention is a variation on the linear motor 
drive apparatus of the first aspect, wherein the steel plate has a triangular shape. 
According to this aspect of the present invention, as is clear from the discoveries of the 

1 0 inventors of the present invention, there is a prominent reduction in cogging of the 
movable element. 

A third aspect of the present invention is a variation on the linear motor drive 
apparatus of the first aspect, wherein the steel plate is provided so as to have planar 
symmetry with respect to both ends of the movable element along the direction of 
1 5 movement thereof. According to this aspect of the present invention, as is clear from 
the discoveries of the inventors of the present invention, there is a further reduction in 
cogging of the movable element. 

A fourth aspect of the present invention is a variation on a linear motor drive 
apparatus of any one of the first to the third aspects, wherein the row of first magnets 
20 comprises electromagnets, and wherein the row of second magnets comprises 

permanent magnets. According to this aspect of the present invention, as is clear from 
the discoveries of the inventors of the present invention, cogging of the movable 
element is reduced. 

A fifth aspect of the present invention is a variation on a linear motor drive 
25 apparatus of any one of the first to the third aspects, wherein the row of first magnets 
comprises permanent magnets, and wherein the row of second magnets comprises 
electromagnets. According to this aspect of the present invention, as is clear from the 
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discoveries of the inventors of the present invention, cogging of the movable element 
is reduced. 

A sixth aspect of the present invention is a variation on a linear motor drive 
apparatus of any one of the first to the fifth aspects, wherein the guide mechanism is a 
5 pair of V-shaped grooves that have planar symmetry with respect to the reference 

plane. According to this aspect of the present invention, the movable element moves in 
a stable manner. 

BRIEF DESCRIPTION OF THE DRAWING 
The above and other features will be belter understood from the exemplary 
embodiments described below, taken together with the drawings, of which: 

Fig. 1 is a front elevation of an ultra-precision machine tool for machining a 
die for an aspherical lens, to which a linear motor drive apparatus according to the 
present invention is applied; 

Fig. 2 is a side elevation of a linear motor drive apparatus according to an 
embodiment of the present invention; 

Fig. 3 is a cross-sectional view along the cutting line A-A of Fig. 2; 
Fig. 4 is a schematic plan view of the linear motor drive apparatus of Fig. 2; 

and 

Fig. 5 is a sectional view of a linear motor drive apparatus according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention are described in detail below, with 
25 reference made to relevant accompanying drawings. 

Specifically, Fig. 1 shows an ultra-precision machine tool for machining a die 
for an aspherical lens, to which a linear motor drive apparatus according to the present 




4 



invention is applied. 

This linear motor drive apparatus has a head 2, on which an X-direction tool- 
side head part 2A is formed, and to which a Z-direction workpiece head member 2B is 
mounted. 

5 A slider 3 is provided on the tool-side head part 2A so as to be able to 

reciprocate in the X direction, a row 4 being provided on the slider 3. A Y-direction 
movable spindle stand 5 is provided on the row 4, this spindle stand 5 having a spindle 
6, to which is mounted a cutting tool or a grinding tool or the like. The Y-axis direction 
drive of the spindle stand 5 is performed by a feed screw mechanism linked to a Y-axis 
"^1 0 servomotor 7. 

The workpiece-side head member 2B is provided with a work table 8 so that 
»p the work table 8 is allowed to move reciprocally in the Z-axis direction, and a rotating 
I bearing block 9 is fixed to the work table 8. The rotating bearing block 9 has a rotating 

w shaft 10 that grasps a workpiece by means of a chuck, the rotating shaft 10 being 
O 1 5 rotationally driven by a C-axis servomotor 11. 

f ij In a linear motor drive apparatus according io the present invention, the tool- 

side head pan 2A or work-side head member 2B serves as the fixed element, and the 
f* slider 3 or the work table 8 serves the movable element. An embodiment or' the present 
invention is described below, with references being made to Fig. 2 through Fig. 4. To 
21) achieve commonality, the slider 3 or work table 8 will be referred to as the movable 
element 21, and the tool-side head part 2 A or work-side head member 2B will be 
referred to as the fixed element 22. 

A finite type upper V-shaped roller guide, is provided on the uppeT surface of 
the fixed element 22 on both left and right sides, so as to have left-to-righi symmetry 
25 with respect to a designed reference plane (virtual center plane) P of the linear motor 
drive apparatus, and a lower V-shaped finite roller guide is provided on the lower 
surface of the moving element 21, so as to have left-to-right symmetry with respect to 
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the reference plane P 5 the inner pan of the upper guide mating with the lower guide 
part to form a guide mechanism 23, which guides the reciprocating movement of the 
movable element 21. 

A coil mounting member 24 is fixed to a center part of the bottom part of the 
5 movable element 21 so said to hang down therefrom, and a plurality of pairs of 
electromagnet coils 26 and 27 are mourned on the left and right sides of the coil 
mounting member 24, via cooling brackets 25, so as to be opposed back-to-back with 
one another, and parallel to and with left-to-right symmetry with respect to the 
reference plane P. 

] 0 One magnet mounting member 28 having a grooved cross-section is mounted 

to the fixed element 22. The lower surface of a protrusion 28B provided with 
symmetry to the bottom pan 28A of the magnet mounting member 28 is seated onto 
the upper surface 22A of the fixed element 22, these being held in place by bolts 29. 
On the inner wall surfaces of the left and right side parts 28C and 28D of the mounting 

] 5 member 28 are mounted a plurality of pairs of permanent magnets 30 and 31, so as to 
be parallel to the reference plane P and so as to have left -to-right symmetry with 
respect to the reference plane P. The row of pairs of magnet coils 26 and 27 mounted 
to the movable element 21 move along the reference plane P between the rows of the 
pairs of permanent magnets 30 and 31 mounted to the fixed element 22. Although in 

20 this embodiment the row of pairs of magnet coils 26 and 27 and the row of pairs of 

permanent magnets 30 and 31 have equal pitches, it will be understood that the pitches 
can be different. 

In the above-noted configuration, the row of left-side electromagnet coils 26 
and left-side permanent magnets 30 form a left-side first linear motor 32, and the row 
25 of right-side electromagnet coils 27 and right-side permanent magnets 31 form a right- 
side second linear motor 33. The first linear motor 32 and the second linear motor 33, 
therefore, are mutually parallel, and symmetrical to the reference plane P. 
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As shown in Fig. 4, ibe permanent magnets 30 of the first linear motor 32 and 
the permanent magnets 31 of the second linear motor 33 have alternating North poles 
34 and South poles 35. These permanent magnets 30 and 31 are left-to-right symmetry 
with respect to the reference plane P, and there is no mutual offset in their positions. 

5 The electromagnet coils 26 of the first linear motor 32 and the electromagnet coils 27 
of the second linear motor 33 have U, V and W poles arranged in mutually reversed 
order, and the opposing U-W poles and V-V poles each have left-to-right symmetry 
with respect to the reference plane P, and there is no mutual offset in their positions, 

A steel plate 40 is provided with front-to-rear symmetry at an intersection pan 

1 0 between the both end parts in the direction of movement of the movable element 21 
(that is, Lhe front and rear end pans) and the reference plane P, so as to be parallel to 
the reference plane P and have a narrowed end part (specifically, this is an isosceles 
triangle when view in from the side). 

According io this embodiment of the present invention, by the magnetic action 

1 5 at the front and rear of the steel plate 40, cogging of the movable element 2] is reduced, 
and because of the left-to-right symmetry of the left and right linear motors 32 and 33, 
yawing of the movable element 21 is reduced. 

Because ihe linear movement guide mechanism 23 is formed by a finite V-V 
roller guide, compared with the case of using static pressure guiding, greater rigidity is 

20 achieved, and precise feed is performed by means of high feed resolution. Because the 
electromagnet coils 26 and 27 are moving coil type electromagnet coils on the movable 
element 21 side, the holding force of the first linear motor 32 and the second linear 
motor 33 acts at a fixed point on the movable element 21 at all times, so that the 
movement precision of the movable element 21 is stable. It is therefore possible to 

2 5 achieve the ultra-precise machining required for a die for an aspherical lens. 

Fig. 5 shows a linear motor drive apparatus according to another embodiment 
of the present invention, in which elements similar to elements of the foregoing 
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embodiment are assigned similar reference numerals, and are not explicitly described 
herein. 

In this embodiment, the electromagnet coils 26 and 27 are mounted to fixed 
element 22, and the mounting member 28 and permanent magnets 30 and 31 are 
5 mounted to the movable element 21, Other aspects of the configuration being the same 
as the above-described embodiment. 

This embodiment achieve the same type of operation and effect as the earlier 
described embodiment of the present invention. 

As will be understood from the above detailed description of the present 
1 0 invention, the present invention provides a linear motor drive apparatus that reduces 
cogging without an increase in yawing of the movable element. That is, as discovered 
by the inventors, not only is there a reduction in cogging, but also the left and right 
components of the magnetic attraction force cancel each other out by virtue of the left- 
to-right symmetry of the two linear motors, so that there is a reduction in periodic 
1 5 yawing as well, so that the movable element does not waver ai a pitch equivalent to ihe 
magnetic pole pitch. The result of this is an improvement in the linear movement of the 
movable element, and an improvement in machining precision. 

According to a linear motor drive apparatus of the present invention, because 
the linear movement internal member is a finite V-V roller guide, compared to the case 
20 of static force guiding, greater rigidity is achieved, and precise feed is performed by 
means of high feed resolution. 

While preferred embodiments of the present invention have been described 
using specific terms, such description is for illustrative purposes, and it is to be 
understood that changes and variations may be made without departing from the spirit 
25 or scope of the following claims. 
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